ABSTRACT Aim: This study assessed the nutritional status and physical activity levels of 150 female students aged 10-18 from three top Polish ballet schools, where the most promising dancers go on to pursue professional ballet careers.
INTRODUCTION
The nutritional status of a child is the result of their diet, how they absorb and use nutrients and the balance between the amount of energy and nutrients obtained from food and the amount of energy expended on growth and physical activity (1) . School-aged children have particularly high nutritional requirements, as their fast growth and development contribute to their bodies' increased demand for nutrients and energy. The energy requirement profile for each child depends on numerous factors including sex, age, health, anthropometric characteristics such as weight, height and body composition, their percentage of body fat, climatic conditions and physical activity (1, 2) . One study has determined the standard energy requirements for children and teenagers in six age groups: one to three years, four to six years, seven to nine years, 10-12 years, 13-15 years and 16-18 years (3) . It is important to determine the level of physical activity that children undertake to correctly determine their energy requirements (4) . With current data, it is difficult to determine the energy requirements for an entire group of young athletes, as specific periods of maturation and the intensity of exercise training increase those requirements (5) . There are no standards that describe the energy requirements of children who train regularly and only approximate values can be calculated.
Physical activity level (PAL) is defined as the quotient of the total metabolic rate and the basal metabolic rate (6) and it is an indicator of the average daily level of physical activity. When children are older than 10 years of age, the PAL coefficient value can be used to indicate whether their physical activity levels are low (1.40-1.69), moderate (1.70-1.99) or high (2.00-2.40) (2) . The World Health Organization has defined the energy requirement norms for children and teenagers under the age of 18 by taking into account the PAL, age and sex of the child (2).
Abbreviations
BMI, Body mass index; PAL, Physical activity level; WHR, Waistto-hip ratio.
Key notes
This study assessed the nutritional status and physical activity levels of 150 female students aged 10-18 from three top Polish ballet schools. We found that their body mass index (BMI) was below the norm in 18% of cases and body fat was below average in 54% of cases. The findings were most pronounced for girls aged 10-15 years, and special attention should be paid to this age group.
The daily calories required by children and teenagers actively practising a sport assume an intake of 12% to 15% proteins, 25% fat and 50% to 60% carbohydrates (7, 8) . Achieving results or artistic effects requires athletes to have a low body weight and/or low body fat content. Dosil (8) classified sports as being high-risk activities that were associated with pathogenic behaviour and weight control. Ballet is on the list of aesthetic sports, along with gymnastics, acrobatics and figure skating (7) . It requires grace, charm, speed, physical and mental concentration and a low body weight. Maintaining a low body weight as a prerequisite for success may be a direct cause of eating disorders and associated complications such as menstrual irregularities, a low body mass index (BMI) or osteoporosis.
The aim of this study was to assess the physical activity and nutritional status of young girls aged 10-18 years who were students at three of the most prestigious Polish ballet schools.
MATERIAL AND METHODS

Study participants
The study group comprised of 183 girls aged 10-18 years who were attending three top Polish ballet schools -one public school in Bytom and two private schools in Katowice and Krakow -and this paper focused on the 150 ballerinas who correctly completed a questionnaire. These ballet schools aim to prepare the most talented individuals for careers in ballet and they combine academic studies and ballet studies. For example, the Secondary Ballet School at Bytom admits the children at the age of 10 and then provides them with a nine-year programme that leads to diplomas in professional dancing and general educational subjects. Some children live at home and some are provided with accommodation by the school. The study cohort could therefore be regarded as aspiring professionals with a high degree of commitment to their art and future career.
The study was preceded by informative meetings with the school heads and letters were sent to the girls' parents or guardians outlining the purpose, scope and methodology of the project. Written consent was obtained from the directors and parents or guardians of the children and from the student if they were aged 16 or over. The inclusion criteria were simply that they were ballet school students aged 10-18 and that the appropriate consent had been provided. The Bioethics Committee of the Medical University of Silesia in Katowice approved the study on 19 June 2012 (KNW/ 0022/KB1/150/I/11/12).
Procedures
The study consisted of four phases.
Phase one was the development and validation of the authors' questionnaire and this began with an initial draft list of 20 questionnaire items generated by the authors based on the literature. The questionnaire contained questions about age, gender, place of residence, how long the subject had been learning to dance, what age they started learning, their individual involvement in dancing, training, other physical activities and daily and weekly schedules. We also asked questions about the age at menarche and menstrual history over the past 12 months, such as the frequency and length of menstrual cycles, number of periods per year and the number of days between periods. Primary amenorrhoea was defined as the lack of menstruation by the age of 15, while secondary amenorrhoea was defined as an absence of menstrual cycles for more than three months in a previously menstruating individual. Ballerinas were classified as eumenorrheic if they had 10 or more menstrual cycles in the previous 12 months, oligomenorrheic if they had four to nine menstrual cycles in the last year or amenorrhoeic if they had fewer than four menstrual cycles in the past year. A short cycle was defined as a menstrual cycle lasting 23 days or less.
The study had previously been performed twice on a group of 50 girls in a youth folk dance ensemble who were aged 10-18. The time gap between the first and second tests was 30 days in accordance with the arbitrary criteria used to assess research tool validity (9) . Only those variables that could be presented as a dichotomous, namely yes or no, were validated. Kappa statistics were used to assess the repeatability of individual questions. Of the 20 validated questions, 100% repeatability was achieved for 11 questions, while the other nine questions had more than 96% repeatability. The repeatability assessed by the Kappa statistics could be calculated for 13 questions.
During phase two, the questionnaire devised by the authors was distributed to the students with informed consent and they were given a deadline to return them by.
Phase three was determining which students had returned their properly completed questionnaires.
During phase four, the anthropometric measurements were taken for each child who qualified at phase two. The measurements of body height and the circumference of the chest, waist, hips and shoulders were made to the nearest 0.1 cm using a nonmetallic and nonstretchable tape. The weight and body composition -the percentage of body fat, muscle and water -were measured by electrical bioimpedance using the Tanita BC-601 body composition analyser (Tanita Company, Tokyo, Japan). The mean of three measurements was used as the representative value. Measurements were always taken in the morning in the office of a school nurse. From these measurements, the BMI (weight/height 2 ) and waist-to-hip ratio (WHR) index were calculated for each student. The BMI centile charts developed in 2010 by the Children's Health Centre in Warsaw were used (10) to interpret the results and these provided the following BMI definitions: underweight <5th percentile, normal weight ≥5th percentile to <85th percentile, overweight ≥85th percentile to <95th percentile and obesity ≥95th percentile.
For each measurement, the WHR index was compared with the WHR grids and centile distributions that were previously developed based on the latent moderated structural equations method (11) . The body compositionpercentage of body fat, muscle and water -was compared with the norms for age and sex to assess the nutritional status of the students. According to the centile charts (12), the optimum amount of fat composition for the girls was 14% to 30%. Students below the 2nd percentile were considered to have too little body fat, while values between the 2nd and 85th percentiles had the correct amount of body fat. Based on the available literature (2, 6, 10, 11) , and an analysis of the survey data on the number of exercise hours per week, the PAL coefficient and the levels of physical activity were determined individually for each student based on the number of hours of exercise per week: low physical activity was up to five hours a week (PAL coefficient 1.4-1.69), moderate physical activity was six hours to 14 hours (PAL coefficient 1.7-1.99), and high physical activity was 15-25 hours exercise (PAL coefficient 2.00-2.40).
Data analysis
Statistical analyses were performed with the software package Statistica 10.0. (StatSoft Inc, Tulsa, Oklahoma, USA). To compare quantitative variables between the groups, we used t-tests or an analysis of variance (ANOVA) with post hoc tests (Scheffe's test). In cases where there was noncompliance with the objectives of these tests, a nonparametric Mann-Whitney U-test or Kruskal-Wallis ANOVA was performed, together with multiple comparisons of the average ranks for all of the samples. A p value of <0.05 was considered significant for all the analyses.
RESULTS
The study comprised the 150/183 girls with correctly completed questionnaires. The largest group was from the Bytom (61%) ballet school, followed by the Katowice (20%) and Cracow (19%) ballet schools. The mean age was 13 AE 2.5 years. The girls were divided into the following age groups: 10-12 years (n = 67), 13-15 years (n = 50) and 16-18 (n = 33) years. The largest group comprised the youngest ballerinas (45%), while the oldest group was the smallest (22%). Most of the students came from the city (91%) and lived in the family home (81%). More than a quarter (27%) began studying dance when they were aged three to five years and another 26% began when they were 6-8. The other girls started studying when they were 10 years old. The mean body weight of the ballet school students was 39.7 AE 11.1 kg and the mean height was 1.52 AE 0.12 m. The mean BMI for the group was 16.8 kg/m 2 . These data, together with the WHR and percentage of body fat, are summarised in Table 1. Just under a fifth (18%) of the ballerinas had BMI values that were put them in the underweight category (≤5th percentile), while the remaining girls had BMIs between the 5th and 85th percentiles. The numbers of girls with low BMIs were similar in all age groups. The largest group of girls (26%) had BMIs between the 25th and 50th percentiles. Low body fat values (<2nd percentile) were found in 54% of the total cohort of 150 girls (Fig. 1) .
The mean values for body mass and height, BMI and waist and hip circumference were higher in the older girls (Tables 1 and 2 ). The WHR in the youngest girls was 0.44 cm/cm, while it was 0.41 cm/cm in the oldest girls and 0.39 cm/cm for those aged 13-15 years. The body fat content was also the lowest (13.8%) in girls aged 13-15 years. The youngest girls had an average of 15.7% of fat tissue, while the oldest girls had 18.4% of fat tissue. The differences were statistically significant (p < 0.05).
A waist circumference of less than the 5th percentile was found in 5% of all respondents, but this only occurred in the two groups of girls up to the age of 15. A hip circumference that was less than or equal to the 5th percentile was found in 39% of the youngest girls and 18% of the girls aged 13-15. The differences were statistically significant.
Menstrual status
The mean age of menarche was 14.5 AE 1.2 years. When the girls were asked whether they menstruated, 65 of the 67 of the girls aged 10-12-year said they did not. As this was the biggest group, the nonmenstruating girls in this age group accounted for 43% of the 150 respondents. Of the remaining 57% of respondents, the majority self-reported a history of menstrual disturbances in the last 12 months, 6% had a history of primary amenorrhoea, 7% had secondary amenorrhoea, 17% had a history of oligomenorrhea, and 6% reported short cycles during the previous year. These disorders were more common in the girls aged 13-15 than the older ballerinas. The menstrual irregularities of the dancers were not statistically associated (p > 0.05) with the anthropometric measurements and physical activity levels.
Physical activity
The average weekly hours of physical activity for the girls was 17 AE 3 hours. The majority of respondents reported high physical activity levels, defined as more than 15 hours a week, and some girls practiced more than 20 hours per week.
The physical activity levels of the dancers had no statistically significant correlations (p > 0.05) with the values of the anthropometric measurements for body mass and height, BMI, percentage body fat and waist and hip circumference. Girls with moderate and high PALs were also of a similar age (Tables 3 and 4) .
DISCUSSION
Ballet is a force sport comparable to artistic or sports gymnastics. Using the existing Polish centile charts by Kuł et al. (10), we found that 54% of the study participants had a low body fat content, with a mean value of 15.6%. Castelo-Branco et al. (13) defined the so-called critical fat content as 17% of body mass and this is the minimal value necessary to maintain the proper function of steroid hormones. Soric et al. (7) studied ballerinas aged 9-13 in Zagrzeb, the capital of Croatia, and reported a mean height of 147.2 AE 7.9 cm, mean body mass of 34.6 AE 4.7 kg, mean BMI of 16 AE 1.6 kg/m 2 and mean fat content of 17.4% AE4.7%. In our study, the youngest girls aged 10-12 had even lower percentages of fat tissue (15.7% AE 2.1%). In another study, ballerinas with an average age of 16.7 years who had arrived for an international contest in Lausanne had a mean body mass of 47.8 AE 4.9 kg, height of 163.6 AE 6.1 cm and BMI of 17.8 AE 1.3 kg/m 2 (14) , which were significantly lower than the Polish ballet dancers aged In our study, the physical activity of the dancers was not significantly correlated (p > 0.05) with the values of the anthropometric measurements, body mass and height, BMI, percentage of body fat or waist and hip circumference. Thus, the relationship between physical activity and BMI is still unclear (17) . Metcalf et al. (18) suggested that being overweight influences the level of physical activity, but not vice versa. Lohman et al. (19) found a significant negative correlation between BMI and physical activity, but Gonzales-Suarez et al. (20) found no differences between the BMIs and physical activity scores of overweight and normal weight individuals aged 11-12.
The results of our study revealed large deficiencies in the body weight and body fat of the young ballerinas. Body fat plays an important role in maintaining the energy required for homeostasis, as well as for regulating inflammatory and immune disorders (21, 22) . Fat is currently considered to be an active endocrine organ that synthesises numerous biologically active peptides called adipokines, which operate within the body fat (autocrine and paracrine action) and in distant organs and tissues (classical endocrine action). One of the adipokines, leptin, regulates feeding behaviour in healthy humans through appetite inhibition. During a state of malnutrition, the decreased concentration of this peptide affects the inhibition of the hypothalamic-pituitaryovarian axis by acting on neuropeptide Y, causing dysmenorrhoea. Leptin may also have a direct effect on the synthesis or secretion of the gonadotropin-releasing hormone and gonadotropins (23) .
Many researchers have emphasised the relationship between training intensity and malnutrition, which results in the negative energy balance found in ballerinas with delayed puberty and menstrual disorders (24) . The loss of a normal menstrual cycle, resulting in primary or secondary amenorrhoea, also implies abnormal bone density. The relationship between available energy, menstrual function and bone mineral density is defined as the female sport triad. Clinically, these conditions can manifest as disordered eating behaviours, menstrual irregularity and stress fractures. This phenomenon may include up to 62% of aesthetic athletes (25) and the hormonal and metabolic changes observed are similar to those observed in girls with anorexia nervosa. Waldrop, Torstveit et al. and Łagowska et al. (25) (26) (27) have all reported that that inadequate nutrition was the most common eating disorder in young athletes. At the request of the Dance/USA Ballet Managers Council, affiliated specialists developed healthy eating guidelines for ballet dancers (28) . They emphasised the need for experts to cooperate and share experiences to contribute to the health of professional dancers. In its guidelines, the Task Force on Dancer Health (29) has recommended a comprehensive approach to assessing the health of dancers, which takes body mass into account and includes monitoring the percentage of body fat, bone mineral density, serum electrolyte levels and monthly menstrual cycles.
Raising awareness about nutrition should be an essential part of the curriculum for children and adolescents attending ballet schools and requires the cooperation of trainers or teachers, nutritionists and parents. In the case of eating disorders, this should also include psychologists and psychiatrists.
CONCLUSION
It is important to identify the optimal weight range for young athletes and this study shows that is also the case for female ballet dancers. That range should specify the appropriate amount of body fat and the minimum lower body weight that is regarded as healthy. Our study highlights the fact that special attention needs to be paid to young ballet school dancers aged 10-15 years, as they experience highvelocity growth at that age.
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